This study reports results of a 14-month live-trap study of small-rodent communities in 2 habitats, cloud forest and disturbed areas, at Las Joyas Scientific Station of the Sierra de Manantlán Biosphere Reserve, western Mexico. Seven taxa of 2 families (Muridae, Heteromyidae) of small rodents were captured (Hodomys alleni, Liomys pictus, Oryzomys couesi, Peromyscus aztecus, Reithrodontomys fulvescens, R. sumichrasti, and Sigmodon alleni). Information about age structure, population dynamics, biomass, and reproduction were obtained with mark-recapture techniques for the most abundant species (P. aztecus and R. fulvescens) in both habitats. These species comprised 80.3% of the 707 captures in the cloud forest (P. aztecus, 51.2%; R. fulvescens, 29.1%), whereas, in the disturbed areas, R. fulvescens represented 81.7% of the 916 captures. Species varied in population density, relative abundance, and timing of reproduction, which was seasonal. Reproductive activity for P. aztecus peaked in the middle of the wet season (September 1995) in the cloud forest and in the wet season and middle of the dry-cold season (January 1996) in the disturbed areas. R. fulvescens showed reproductive activity in the wet season (July-October 1995) in both habitats. Density fluctuated annually for P. aztecus in both habitats, with a peak in January and February 1996; R. fulvescens showed the same patterns of density in both habitats with the highest values at the end of the wet season.
A fundamental question in population and community ecology is what determines distribution and abundance of species within local regions (Begon et al. 1990; Brown 1984; Brown and Munger 1985; Kelt 1995; MacArthur 1972) . These attributes of a population are determined primarily by the extent to which individual organisms can tolerate conditions and acquire essential resources (Brown and Harney 1993; Morton et al. 1994) . Temporal and spatial variation in population density is largely a consequence of interactions between limiting fac-* Correspondent: lvazquez@ate.oikos.unam.mx tors of the environment and life-history characteristics of species (e.g., demography, survival, reproduction; Brown and Harney 1993) .
Because of their importance in trophic interactions, understanding population ecology of mammals is necessary to determine patterns and processes of distribution and abundance of plants and animals in natural ecosystems (Medellín 1992) . Demographic patterns and strategies are affected by phylogenetic affinities of species, interspecific interactions, and a multitude of environmental factors. Thus, comparative population ecology is crucial to understand com-munity structure, as a partial explanation of coexistence of similar or related species (Brown and Zeng 1989; Fleming 1975) .
Comparative studies of population ecology of coexisting species are important to understanding community organization and ecological processes.
Extensive research on population and community ecology of mammals generally has been conducted in the north-temperate zone and desert regions (Brown and Harney 1993; Brown and Zeng 1989; Mares and Cameron 1994; Rosenzweig and Winakur 1969) , but little is known about basic population and community ecology of small rodents in tropical zones. In particular, studies providing data on population dynamics and life histories are lacking, despite the fact that several studies on different species indicate that these mammals play an important role in ecological processes (Ceballos 1989 (Ceballos , 1990 Ernest and Mares 1986; Fleming 1971 Fleming , 1974 Fleming , 1975 Mares and Ernest 1995; Medellín 1992) . Studies on population ecology of coexisting small mammals in Mexico are even more scarce.
We compare population and community ecology of small rodents in 2 habitats, cloud forests and disturbed areas, in the mountains of western Jalisco, Mexico. Our objectives were to compare demographic and reproductive patterns and population dynamics of the most abundant species in both habitats and determine composition and diversity of species of small rodents in each habitat.
MATERIALS AND METHODS
Study area.-Our study was conducted at the Las Joyas Scientific Station (ECLJ) of the Sierra de Manantlán Biosphere Reserve (RBSM). The RBSM, located in southwestern Jalisco and northeastern Colima, Mexico, is 1,390 km 2 . Average annual precipitation at RBSM varies from 572 to 1,839 mm, annual average humidity is 70%, and average annual temperature is 12-17ЊC (Cuevas 1994) . The ECLJ is located in the west-central part of RBSM and is 1,245 ha. Annual temperature is relatively stable at ECLJ (average maximum is 18ЊC, average minimum is 12ЊC; Cuevas 1994). Annual rainfall is 1,500 mm, but pronounced seasonal variation results in 3 predictable seasons; dry-hot season (March-June), rainy season (July-October), and dry-cold season (November-February; Cuevas 1994) . Five main forest habitats occur at ECLJ: pine forest, pine-oak forest, cloud forest, oak forest, and gallery forest, in addition to disturbed areas (Cuevas 1994; Jardel 1992) .
We studied mature cloud forest and disturbed cloud forest. The cloud forest occupied the most humid sites. That vegetation, located in protected dales and slopes, is composed of trees reaching 40 m in height, with low penetration of light in most areas. The cloud forest occupied 22.7% of the total areas of ECLJ (Cuevas 1994 Small-mammal sampling.-Rodents (Ͻ200 g) were sampled with 2-dimensional grids in both habitats. Average distance between grids was 480 m. One hundred Sherman live traps (23 by 7.5 by 9 cm) were set in each site along 10 by 10 stations with 10-m spacing.
Traps were operated for 3 days each month from April 1994 through May 1995, for 12,600 trap nights in disturbed areas and 15,642 trap nights in cloud forest. Traps were baited in the afternoon with a mixture of cracked corn (wet season) or oats (dry season), peanut butter, and liquid vanilla. Captured animals were marked by toe-clipping and released after recording location of capture, identification number, body mass, length of hind foot, age, sex, and reproductive condition. Individuals were aged as juvenile or adult based on body size and pelage (Fleming 1974) . For males, reproductive condition was determined by relative size and position of testes (abdominal or scrotal); for females, condition of vagina (open or closed), condition of nipples (small, lactating, or recently lactating), and presence or absence of palpable embryos were recorded.
The minimum-number-known-alive technique (MNKA; Krebs 1966) was used to estimate population size and sex ratios. Relative abundance of each species was expressed as a ratio of MNKA of the more common species. Population size was divided by effective trapping areas of the grids to estimate density (Mares and Ernest 1995) . Effective trapping areas were determined by adding a boundary strip around the area of each grid that was computed as the mean distance between captures of the most abundant species (10 m).
For estimates of biomass of the total population, we multiplied body mass at 1st capture of each individual times monthly population density. For individuals that were not captured in a particular month but were known to be alive in subsequent trapping seasons, we used their average body mass in previous and subsequent captures. We determined population structure (age and sex categories) for the most common species based on actual number of individuals captured during each trapping period. Species diversity was computed with the Shannon-Wiener index (Magurran 1988 ) and compared with a t-test (Hutcheson 1970 During the 14 months of trapping, only R. fulvescens was captured on disturbed areas in all months; P. aztecus and R. fulvescens were present during every month in cloud forest. In cloud forest, the diversity index was HЈ ϭ 1.13, with an evenness of 0.634 (H max Ј ϭ 1.79), and in disturbed areas the diversity index was HЈ ϭ 0.87, with an evenness of 0.489 (H max Ј ϭ 1.79). Differences in species were significant between habitats (t ϭ 2.23; P Ͻ 0.05; n ϭ 6). Species richness in both habitats was lowest during the mid-dry season and peaked at the end of the wet season.
Population density and dynamics.-The pattern of relative abundance revealed that 3 species were rare (H. alleni, R. fulvescens, and S. alleni, represented by Ͻ29 individuals) and 3 species were abundant (O. couesi, P. aztecus, and R. fulvescens, represented by Ͼ30 individuals) in cloud forest. In disturbed area, 2 species (P. aztecus and R. fulvescens) were abundant, and 4 species (H. alleni, L. pictus, O. couesi, and S. alleni) were rare ( Table 1) .
The total number of species was not different between habitats (1-way analysis of variance [ANOVA]; F ϭ 0.08, d.f. ϭ 1, P ϭ 0.78): total annual average of 16.5 individuals/ha in cloud forest, and 22 individuals/ha in disturbed area. The contribution of different species to those totals was highly uneven with specific population densities in cloud forest ranging from Ͻ0.2 individuals/ha for H. alleni, R. sumichrasti, and S. alleni, which collectively made up only 1.9% of the total number of captures, to 8.5 individuals/ha for P. aztecus, which accounted for 51.2% of the total number of captures. Density among species in this habitat differed (1-way ANOVA; F ϭ 51.6, d.f. ϭ 5, P Ͻ 0.05) but did not differ among grids on both habitats.
Monthly biomass (Table 2 ) of all species collected in cloud forest ranged from 201 to 600 g/ha. Average total density in disturbed area differed between species (1-way ANOVA; F ϭ 224, d.f. ϭ 5, P Ͻ 0.05), with densities ranging from Ͻ2 individuals/ ha for 4 species (collectively reaching 15.5% of total number of individuals) to Ͼ18 individuals/ha for R. fulvescens, which represented 84.6% of the total. Biomass ranged from Ͼ200 g/ha for R. fulvescens to Ͻ50 g/ha for the rest of species. Although some juveniles and subadults were captured, they were not included in estimates of biomass. Density was calculated for the 2 most abundant species (P. aztecus and R. fulvescens) during each month of the study. P. aztecus in cloud forest showed clear population fluctuations among the 3 seasons, with the lowest population density in the dry-hot season (June 1995), and peaks occurring during the end of the wet season (October 1995; 12 individuals/ha) and in the dry-cold season (January and February 1996; 15 individuals/ha each month; Fig.  1a ). Density of P. aztecus in disturbed areas remained low throughout the study; the highest density was in the dry-cold season, with a maximum of 5 individuals/ha. Population fluctuations of P. aztecus differed between habitats (1-way ANOVA; F ϭ 47.45, d.f. ϭ 1, P Ͻ 0.05). Density also differed between habitats for R. fulvescens (1-way ANOVA; F ϭ 142.6, d.f. ϭ 1, P Ͻ 0.05; Fig 1b) . Density in disturbed area ranged from about 11 individuals/ha in April 1995 to nearly 27/ha in October 1995. R. fulvescens did not have distinct population fluctuations in cloud forest but had a slight peak in the wet season. Monthly population density of R. fulvescens in cloud forest was low, declined during the drycold season, and increased during wet season (Fig. 1b) .
Reproduction.-Reproductive activity (Fig. 2) for female P. aztecus in cloud forest reached the highest values during the wet (August and September 1995) and dryhot (May 1996) seasons. Reproductively active males appeared during all 14 months of trapping, but mainly during the end of the dry-cold and middle of the dry-hot seasons. Pregnant females of P. aztecus were captured during July-October 1995. Reproductively active females on disturbed area were recorded from November 1995 through February 1996, pregnant females were captured in December 1995, and males were reproductively active September-October 1995 and February-April 1996. The lowest reproductive activity was found for females of R. fulvescens in cloud forest from July to September 1995 and May 1996. In disturbed area, we recorded reproductive activity of females from May to September; males were present from May-August 1995 and January-February.
Sex and age structure.-Sex ratios (males : females) in cloud forest varied for R. fulvescens (1:1.6; 1-way ANOVA; F ϭ 8.16, d.f. ϭ 1, P Ͻ 0.05), with more females present from July to September and more males present in January and February, but did not differ in disturbed area (1:0.9; 1-way ANOVA; F ϭ 0.36, d.f. ϭ 1, P Ͻ 0.05). The sex ratio for P. aztecus did not differ between habitats (cloud forest, 1:1.3; 1-way ANOVA; F ϭ 1.59, d.f. ϭ 1, P Ͼ 0.219; disturbed area, 1:0.05; 1-way AN-OVA; F ϭ 1.46, d.f. ϭ 1, P ϭ 0.238). Age structure of P. aztecus in cloud forest was variable; young animals appeared throughout the study except in April and May 1996, indicating that the reproductive peri-od of this species began at the same time. P. aztecus in disturbed area produced juveniles during the wet season and in February and March 1996. Juvenile R. fulvescens occurred in all 14 months in disturbed area, but the highest capture of juveniles was at the end of the dry-cold season; in cloud forest, juveniles of R. fulvescens were captured mainly during this same period but not in December 1995 and May 1996. The percentage of adults of R. fulvescens in cloud forest increased during the wet season, with peaks occurring in July and September 1995, and populations of adult declined during the dry-cold season.
DISCUSSION
The rodent community at our study areas was composed of 7 species. Community composition varied temporally between habitats, with species increasing and decreasing in different patterns. Other studies of tropical rodent communities reported a range from 4 to 11 species of small rodents (August 1984; Fleming 1975; Mares and Ernest 1995) . The species richness of small rodents at our study is comparable to the richness of the Lacandona rainforest in Chiapas, Mexico (6 species; Medellín 1992) and higher than some temperate sites in central Mexico, for example, pine-oak associations in Mexico City with 3 species (C. Chávez, in litt.), but lower than species richness in lowland dry forest of Panama with 9 species (Fleming 1975 ) and the gallery forest of Brazil with 10 species (Mares and Ernest 1995) . Indeed, our study at ECLJ illustrated that cloud-forest habitat is among the richest Neotropical and Nearctic habitats for small rodents. The high richness of small rodents may be attributable in part to our study site occurring in a transition areas between 2 biogeographic regions (Neotropical-Nearctic) and the heterogeneous landscape at RBSM. All features of demography of populations recorded in our study fall within the range reported for populations of tropical and temperate species at others sites (August 1984; Brown and Zeng 1989; Fleming 1971 Fleming , 1975 Mares and Ernest 1995; Medellín 1992; Munger et al. 1983) .
Fluctuation in densities of the most common species paralleled each other in both habitats. Two of the murid rodents showed pronounced fluctuations in population density. P. aztecus reached maximum densities during the wet and end of the cold-dry seasons, ranging from 3 to 15 individuals/ha in cloud forest and from 0 to 4 individuals/ ha in disturbed areas. Populations of R. fulvescens were relatively stable in cloud forest, with maximum density during the wet season, but population densities fluctuated from 2 to 27 individuals/ha in disturbed areas. This seasonality in peaks of density concurs with that of R. fulvescens in southeastern Texas (Cameron 1977; Spencer and Cameron 1982) . Densities recorded in our study were slightly lower than reported in southeastern Texas (6-28 individuals/ha; Spencer and Cameron 1982) .
In southeastern Texas, R. fulvescens was reproductively active from March until November, with peaks in late spring (MayJune) and early autumn (September-October; Cameron 1977) . Little seasonality has been reported in reproduction of R. fulvescens from San Luis Potosí, Mexico (Dalquest 1953) . In our study, sexually active female R. fulvescens were captured most of the year with peaks in the wet and cold-dry season in disturbed areas. Males almost always were reproductively active. The number of males of R. fulvescens captured in disturbed areas was greater than the number of females; whereas, mainly females were captured in cloud forest. In several studies in Texas, numbers of males commonly were greater than numbers of females (Cameron 1977; Joule and Jamerson 1972) .
Reproductive activity of male P. aztecus in Guerrero, Mexico, was recorded from February to May, and females were lactating in February, April, and November (Jiménez-Almaraz 1993). In central Chiapas, Mexico, activity of females was reported in May (Alvarez et al. 1984) . In our study, females of P. aztecus in cloud forest generally were reproductively active during the wet season, but in disturbed areas we recorded reproductive activity during the cold-dry season.
Our results indicate that cloud forest supports a richer rodent community than disturbed areas, and perhaps is richer than other temperate and tropical localities. Our data provide a point of departure for future long-term studies of rodent communities that would allow comparison of population and community parameters of species in these kinds of habitats.
